Despite increased recognition of the risks to the health of humans and the environment, untreated municipal wastewaters are still discharged into waterways worldwide. One of the primary concerns related to its discharge into surface waters is the risk to human health through the transmission of pathogens associated with faecal matter. Saint John, New Brunswick, is one of the few Canadian cities that still releases untreated sewage into its urban waterways and harbour. Water faecal coliform levels, an indicator of faecal waste and associated pathogens, are well above recreational guidelines in some of these areas. Although it is not encouraged by the municipality, recreational fi shing occurs in these areas and this raises concerns regarding the potential for disease transmission during the handling of these fi sh. To investigate the potential for fi sh to be a vehicle of pathogen transmission to humans, the skin of wild fi shes (smelt, Osmerus mordax, and mummichog, Fundulus heteroclitus) and caged mummichog was sampled for faecal coliforms from several sites in Saint John between August and November of 2005. Water faecal coliform levels at sites used for caging studies and wild fi sh collections, and the duration of caging were compared with the number of faecal coliforms on the surface of the fi sh. Skin samples from the two fi sh species collected from the wild indicated elevated levels of fecal coliforms in some locations. Both wild and caged fi sh showed that the amount of faecal coliform on fi sh skin is infl uenced by the water faecal coliform levels.
Introduction
Municipal wastewaters remain a signifi cant threat to the quality of Canada's waterways, with untreated or minimally-treated effl uents being the greatest concern from both a human and ecosystem health perspective (Chamber et al. 1997; APHA et al. 2005) . While there is only a small subset (<5%) of the population whose sewage is released untreated, the presence of combined sewer systems and sewage system bypasses during storm events can result in the release of additional and likely signifi cant volumes of untreated sewage to many of Canada's waterways (Chambers et al. 1997) . Because untreated sewage contains numerous human pathogens including those responsible for hepatitis A, Norwalk fl u, cholera, and different forms of dysentery, areas receiving inputs of untreated sewage are rendered unsafe for recreational and commercial use (APHA et al. 2005) .
When untreated sewage is released into waters which support fi sheries and recreational activities, shellfi sh and water quality are monitored for faecal coliforms to assess risks to human health. However, there is less known about the health risks to humans catching fi sh living in and moving through these sewage-contaminated areas; it is not known whether the skin of fi sh exposed to sewagederived pathogens can become contaminated and, if so, the factors that affect the degree of contamination are also unknown. If this does occur, the potential exists for pathogen transmission to humans during handling of these fi sh, and for the contamination of surfaces and utensils used for their preparation (Fattal et al. 1992; de Donno et al. 2002) .
Laboratory studies have shown that the presence of enteric bacteria on fi sh skin is related to the microbial communities within the water, and that bacterial concentrations in the water and the time of exposure are important variables (Fattal et al. 1992; El-Shenawy and El-Samura 1994) . Faecal coliforms are a relatively benign group of enteric bacteria which can be used as indicators of the presence of untreated sewage. The number of faecal coliforms on fi sh skin was found to be low (1 colony forming unit [cfu] per 1 cm 2 ) when exposed to low water concentrations (14 cfu/1 cm 3 ) (Golas et al. 2002) . In another study, a higher density of faecal coliforms (average 20 cfu/cm 2 ) was observed on the skin of fi sh exposed to untreated sewage (21,000 cfu/100 mL) for 12 hours. However, the bacteria were eliminated from their skin within 48 hours following their placement in coliform-free water (El-Shenawy and El-Samura 1994). Fattal et al. (1992) found that faecal coliform counts on the skin of exposed fi sh reached a maximum of 2.8 cfu/cm 2 after 24 hours of exposure to 10% wastewater. The corresponding faecal coliform concentration at the time of sampling was 290 cfu per 100 mL. Despite these studies, little information is available on the bacterial contamination of wild fi shes in Canada, or on the factors affecting coliform counts on fi sh, such as duration and level of exposure, warranting a more detailed investigation on fi sh in waters receiving inputs of untreated sewage.
At the time of this study, the City of Saint John in New Brunswick treated about 60% of its sewage and released the remainder untreated into the surrounding waterways (City of Saint John 2004). Coliform concentrations up to 3.4x10 7 cfu per 100 mL have been measured in these waters (Dupere and Marshall 2005) . The main objectives of this study were to determine whether faecal coliforms were present on the surface of wild fi sh caught in waters receiving untreated sewage, and to investigate the relationships between faecal coliforms on the skin of both wild and caged fi sh and water coliform concentrations.
Methods

Site Selection
Fish sampling and caging sites were chosen to represent areas of high, moderate, and low sewage inputs to estuarine regions within and around the Saint John Harbour, New Brunswick. These sites were selected using both the presence of sewage outfalls in an area, water quality parameters (Table 1) , and faecal coliform counts (Tables 2 and 3) from 2004 and 2005 (see below  for details on sampling) . The Marsh Creek site is at the mouth of an urban watercourse that receives untreated sewage from eight outfalls before discharging into the Saint John Harbour. Sewage inputs were high in this area, and water faecal coliform levels ranged from 1,100 to 3.4(10 7 ) in 2005. The Inner Saint John Harbour (two locations) Indian Town, and Saint's Rest sites were also infl uenced by sewage outfalls, and water faecal coliform measurements showed moderate levels (230 ± 60, 960 ± 200, and 460 ± 200 cfu per 100 mL). The Tucker Park and Hazen Creek sites did not receive untreated sewage inputs; this is supported by the low water faecal coliform levels (35 ± 12 and 34 cfu per 100 mL) measured at these sites.
Sampling Methods
Water sampling. As part of a larger monitoring program, water samples (n = 1 per site per date) were collected for coliform counts, mainly 2 hours before low tide (to reduce dilution by incoming tides). This occurred approximately biweekly at several locations around the Saint John Harbour (Table 2) With one exception, water samples were collected at a similar location to where the fi sh were caged or collected for the monitoring of wild fi shes. For Marsh Creek, routine coliform counts (and water quality samples) were collected at a freshwater site upstream of the location of the caging study and wild fi sh collections. The water samples were transported to the laboratory in a cooler and stored at 4 to 5°C until processed as described below. Transportation time in the cooler was less than 30 minutes, and storage time did not exceed 24 hours. Surface water samples (n = 1 per site per date)
were also collected at the same time for assessment of water quality parameters (pH, salinity, total ammonia, and orthophosphate), and stored on ice until they were analyzed using standard techniques (APHA et al. 2005) . A Corning Model 220 bench type digital pH meter was used and calibrated using pH 7.00 and 4.00 buffer solutions. Total ammonia was measured colourimetrically using the phenate method, and absorbance was determined at 640 nm using a Bausch & Lomb Spectronic 21 spectrophotometer. Orthophosphate was quantifi ed using the amino acid method. Salinity was determined onsite using a Fisher Scientifi c Accumet portable conductivity meter with automatic temperature compensation, and converted to equivalent salinity values.
Wild fi sh. Wild fi sh were caught from four locations around the greater Saint John area that receive discharges of untreated sewage (Table 2) . Rainbow smelt (Osmerus mordax), an anadromous fi sh species commonly fi shed in Atlantic Canada (Bigelow and Schroeder 2002), were caught using short gill net sets (August 23 and 25, 2005) at two locations used for recreational fi sheries in the Inner Saint John Harbour. Fish were sacrifi ced by severing their spinal cord while they were still trapped in the net, and then the fi sh were carefully placed on their side on ice for transport back to the laboratory. Mummichog (Fundulus heteroclitus), a small-bodied fi sh that lives in shallow estuaries along the eastern coast of North America (Bigelow and Schroeder 2002), were collected from three locations in the Saint John Harbour area between September 17 and 30, 2005, using minnow traps and beach seines. The fi sh were poured from the traps or net into buckets (previously sterilized with bleach and then rinsed with water from the site) for transport back to the laboratory (within 20 to 30 minutes of capture). These fi sh were then lethally anaesthetized using CO 2 and sampled within fi ve minutes as described below. All fi sh handling was done in accordance with the Canadian Animal Care Committee guidelines and approved by the Animal Care Committee at the University of New Brunswick in Saint John. A subsurface water sample was also collected in a sterile Whirl Pak at each site at the time of fi sh capture, and faecal coliform concentrations were determined as described below; these samples were not collected at consistent times of the tidal cycle.
From each sacrifi ced fi sh, sterile techniques were used to remove a 2-cm 2 sample of skin tissue and some underlying muscle with forceps, a scalpel, and a 2-cm 2 template. Previous studies have shown that the muscle tissue of sewage-exposed fi sh contained little or no faecal coliforms (Fattal et al. 1992; El-Shafai et al. 2004) ; for this reason the presence of muscle tissue in samples was not believed to be a confounding factor in this study. For the smelt, the side that did not rest on the ice was sampled. To determine the variability of faecal coliform counts on the surface of the smelt, duplicate or triplicate skin samples were taken from six of the fi sh caught in the Inner Harbour. A fi sh was not used if its side came into contact with any surface during this procedure, or if the internal viscera were cut during sampling. The tissue sample was stored at 4 to 5°C in a sterile 15-mL test tube containing 5 mL of sterilized Tryptic Soy Broth (TSB; Difco) prepared according to the manufacturer's instructions. All of the samples were taken within two hours of the fi sh being caught.
Caging experiments. The mummichog used in both caging experiments were collected from Hazen Creek in Saint John with a beach seine on July 19 and September 19, 2005. The fi sh were held for a minimum of two weeks at a consistent temperature (10 to 15°C) and salinity (15 to 20 ppt), and were fed with 3.0 GR High Pro fi sh feed (Corey feed Mills) or Cichlid fl aked food (Nutrafi n) once daily during the warmer months (July to September), or every second day in the cooler month of October. The fi sh were subsampled (n = 5) before each experiment to ensure that they were not contaminated with faecal coliforms before they were put in the cages. A second subsample of fi sh (n = 3) was transported into the fi eld and returned to the laboratory to ensure that contamination did not occur during transport. No faecal coliforms were detected in either of these controls for both caging studies.
The cages were made of 4-L plastic cylinders with large mesh-covered openings at either end to allow for water fl ow, and were placed at sites subject to tidal infl uences. At most sites the cages were suspended 0.5 to 1 m below the water surface during low tide, and 3 m below the water surface during high tide. Cages were anchored and arranged on a pulley-type system with ropes to increase ease during sampling and removal of the cages.
The fi rst caging experiment was conducted at a site with high faecal coliform counts to determine whether fi sh skin becomes contaminated with these bacteria, and the importance of exposure time. Upstream of the Marsh Creek caging site there was an average faecal coliform concentration of 8.5(10 6 ) ± 3.9(10 6 ) cfu per 100 mL (n = 15) in 2005 (Table 1) . Mummichog (approximately 3-to 6-cm in length) were randomly assigned to four cages (18 fi sh/cage) that were put into Marsh Creek on August 5, 2005, and fi sh were held for up to 8 days. Three fi sh per cage were sampled after 12 hours and 1, 2, 4, and 8 days (± 2 hours) as described previously. A subsurface water sample was taken adjacent to the cage during each sampling interval, and these samples were not collected at consistent times within the tidal cycle.
Results from the fi rst experiment were then used to design a second caging experiment to look at the relationship between faecal coliform counts in the water and on the surface of the fi sh. Fish held in the lab were randomly sorted into groups for each cage, and then transported as a group into the fi eld in 10-L disposable sterile plastic bags. On day 0, sets of four cages (4 fi sh/ cage) were put in the water at four different locations (Tucker Park, Indian Town, Inner Harbour, and Marsh Creek). After four days the cages were removed, and the fi sh from each cage were put into a new 10-L bag with water from the site for transportation back to the lab. Subsurface water samples were also taken on days 0 and 4 of the experiment from each site.
Laboratory Methods
Sample preparation. Each skin sample was ground up with 5 mL of TSB in a glass homogenizer. The mixture was poured into a sterilized test tube (autoclaved for 15 minutes at 240°C) and the homogenizer was rinsed twice with 2.5 mL of magnesium phosphate buffer solution (autoclaved for 15 minutes at 240°C) for a total sample volume of 10 mL. For the wild fi sh and mummichog from the fi rst caging experiment, three 0.05 to 5 mL subsamples, representing a 1:10 dilution series, were put into sterilized graduated cylinders and topped up to 15 mL with buffer. For samples from the second caging experiment, three subsamples of 0.07 to 2.5 mL, representing a 1:6 dilution series, were taken from the 5 mL homogenate, put in a sterilized test tube, and diluted to a fi nal volume of approximately 10 mL with buffer. All samples were stored at 4 to 5°C for up to 12 hours until they were fi ltered.
A sterile standard vacuum fi ltration apparatus was used to fi lter each homogenate onto a presterilized 47-mm Millipore fi lter membrane (Fisher Scientifi c) wetted with 20 mL of the magnesium phosphate buffer. The sample and triplicate rinses of the sample container were fi ltered through the membrane. This same procedure was used to fi lter the water samples collected from the fi eld sites, except that the volume of the subsamples varied from 0.05 to 100 mL based on previous data from those sites (Dupere and Marshall 2005) . Filter membranes were then placed onto a specialized medium for faecal coliform growth, mFC agar (Difco), that had been poured into 50 x 11 mm plates approved for water testing (Fisher Scientifi c). The agar plate was stored inverted on the bench top until all samples were fi ltered (<1 hour). All plates were then incubated at 44.5 ± 0.5°C for 24 ± 2 hrs to allow the faecal coliform colonies to grow. After the incubation, colonies were counted on the plates using standard guidelines for water sample testing and enumeration (APHA et al. 2005) . Blanks using buffer and the presterilized TSB were run every three samples during method development, and then at the beginning and half-way through each subsequent sampling session to ensure that effective sterilization and no cross contamination occurred. If faecal coliform colonies were to develop on the blanks, then all of the samples included in that batch would have been considered to be contaminated. However, this did not occur during either method development or sample analysis. Colonies were randomly selected from eighteen different plates and standard techniques were used to confi rm that they were faecal coliforms, including gram stains, growth on differential media (McKonycase and brilliant green bile broth, Becto-Dickinson), and the presence of oxidase using oxidase test slides (Becto-Dickinson).
Statistics
Descriptive statistics were done for each experiment. Data from the fi rst caging experiment were log 10 -plus-1 transformed and analyzed across sampling times using analysis of variance (ANOVA) and Student Newman Keuls multiple comparison tests with an alpha value set at 0.05. The data were log transformed to satisfy the ANOVA's homogeneity of variance assumption, and 1 was added due to the presence of 0 faecal coliforms in some samples. In the wild mummichog sampling and the second caging experiment, the amount of faecal coliforms on the fi sh at each site did not follow a normal distribution and the variance was not equal between locations. For this reason, a nonparametric test was used to evaluate differences between locations. The Kruskal Wallis test was used and post hoc comparisons were done using the Mann-Whitney U test. The alpha was set at 0.05 and type 1 errors were controlled for with the Holms Step-down procedure. All statistics were done using SPSS for Windows version 13.0. Unless otherwise indicated, all data are presented as means ± standard error. No statistics were done for the smelt samples. For reporting purposes, multiple samples from the same individual were averaged, and this mean was then used to generate the overall mean for smelt at this site.
Results
Water Samples
Mean faecal coliforms in the water samples ranged from 17 to 4.4(10 6 ) cfu per 100 mL, and were highest in Marsh Creek and lowest in Hazen Creek (Table 2) . Across years and within sites, mean coliform counts were similar, but there was a considerable range of values within years at some sites (Tables 2 and 3) . At all sites but Marsh Creek, coliform counts for water samples collected 2 hours before low tide were similar to those collected during fi sh sampling. For the samples collected at the wild fi sh and caging sites near the mouth of Marsh Creek in August and September 2005, coliform counts ranged from 1,100 to >60,000 cfu per 100 mL, and were lower than those from the upstream monitoring site (Tables 2 to 4 ). Water quality analyses indicated similar pH across sites (except Hazen Creek), lower salinity at Marsh Creek than other sites (although these samples were also collected upstream of the estuarine caging site), and higher total ammonia and orthophosphate at sites with higher water coliform counts (Table 1) .
Wild Fish
Of the 27 smelt captured in the Inner Saint John Harbour, 48% had detectable faecal coliforms on their skin. The mean count for these fi sh was 2.5 ± 1.0 cfu/cm 2 (Table  2) . Triplicate samples taken from 6 smelt showed that bacteria were not uniformly distributed over the surface of the fi sh. The counts on individual fi sh ranged from 0 to 25 cfu/cm 2 and, on 4 of the fi sh, 0 cfu/cm 2 was observed in at least 1 of the replicates.
Higher faecal coliform concentrations in the water were accompanied by higher faecal coliform counts on the skin of wild mummichog (Table 2) . Coliform counts on the fi sh from the Marsh Creek site (27 ± 9.4 cfu/ cm 2 ) were signifi cantly higher (p < 0.001 and < 0.001, respectively) when compared with the results for fi sh from Hazen Creek (0 cfu/cm 2 ) and Saint's Rest (0.28 ± 0.28 cfu/cm 2 ); counts for fi sh from the latter two sites were not signifi cantly different (p = 0.314; Table 2 ).
Caging Exposures
Over the 8 days of the fi rst caging experiment at Marsh Creek, mean faecal coliform counts on the mummichog ranged from 7.1 ± 3.0 cfu/cm 2 at 12 hours to a maximum of 1,200 ± 440 cfu/cm 2 on day 4 (Table 4) . Water faecal coliform concentrations were lowest on day 8 at 20,000, and highest on days 1 through 4 at >60,000 cfu/100 mL. Faecal coliform counts on the mummichog increased signifi cantly at each time interval from 12 hours (7.1 ± 3.0 cfu/cm 2 ) to 4 days (1,200 ± 440 cfu/cm 2 ) (p < 0.0001). On day 8, mean faecal coliforms decreased to 14 ± 3.0 cfu/cm 2 and were not signifi cantly different from what were observed after 12 hours (7.1 ± 3.0 cfu/cm 2 ) and on day 1 (21 ± 3.7 cfu/cm 2 ) (p = 0.084 and 0.244, respectively; Table 4 ).
The second caging experiment conducted over 4 days at 4 different locations also found higher faecal coliform counts on fi sh at sites with higher coliform concentrations in 2005 (Table 3) . Mean faecal coliforms were signifi cantly higher (p = 0.05) on mummichog caged at Marsh Creek (120 ± 34 cfu/cm 2 ) when compared with fi sh from the Indian Town site (1.1 ± 0.40 cfu/cm 2 ), and fi sh from these two sites had coliform levels that were signifi cantly higher than those observed on the fi sh caged at the Tucker Park (0 cfu/cm 2 ) and Inner Harbour (0 cfu/ cm 2 ) sites (Table 3 ). The fi sh in three of the four cages put out at the Marsh Creek site appeared discoloured and ill, and their faecal coliform counts ranged from 48 to 294 cfu per 100 mL. In contrast, fi sh in the remaining cage appeared healthy and their faecal coliform counts ranged from 6 to 21 cfu per 100 mL. All other fi sh sampled in this study did not have any obvious lesions or other external signs of degraded health.
Discussion
Although there is considerable focus on the presence of faecal coliforms in Canadian waters due to the potential co-occurrence of disease-causing pathogens (Chambers et al. 1997; APHA et al. 2005) , little is known about the contamination of fi sh with these viruses and bacteria, or the potential risk to fi shermen when handling fi sh from surface waters receiving inputs of untreated sewage. This study found faecal coliforms on the skin of two estuarine species of fi sh (smelt and mummichog) caught from different locations in the Saint John Harbour area in New Brunswick. For both of these species, there was a trend towards higher counts of coliforms on individuals caught in locations with higher water coliform concentrations. This study also found that caged fi sh were contaminated with coliform in as little as 12 hours after exposure, and that the abundance of coliform on the skin of these fi sh was related to the level of coliform contamination in water collected from the caging sites.
One of the challenges in studying the relationship between exposure to untreated sewage and the microbial quality of fi sh skin in a fi eld setting comes from the movement of fi sh in and out of these habitats and uncertain exposure times. Smelt at this site move throughout the whole inner and outer harbour area and between freshwater rivers and saltwater habitats. In contrast, the mummichog is more sedentary and found in and around saltwater marshes in brackish waters (Bigelow and Schroeder 2002) . For monitoring programs it is likely more appropriate to use fi sh, such as mummichog, with a limited home range in order to reduce uncertainties related to timeframe of sewage exposure.
In our caging study, we demonstrated that contamination of fi sh skin with coliforms occurs in as little as 12 hours, with maximum contamination observed after 4 days. This contrasts with a previous laboratory study, which showed that the maximal concentrations on fi sh skin were reached after a shorter time period (12 hours) at lower faecal coliform concentrations, 21,000 cfu/cm 2 (El-Shenawy and El-Samura 1994). However, our results are potentially confounded by the variation in water faecal coliform counts over this period likely caused by the interactions between the tides and sewage discharges; although routine water monitoring at these sites was done 2 hours before low tide (Table 2) , water samples for the caging study and wild fi sh collections were taken opportunistically during fi sh sampling. We found that faecal coliform counts on mummichog skin were similar at times when the water concentrations were different. For example, the faecal coliform levels on the fi sh were not statistically different between 12 hours and 8 days; however, the faecal coliform concentrations in water at these times were >60,000 cfu per 100 mL and 20,000 cfu per 100mL, respectively. These observations could be due to rapid fl uctuations in water faecal coliform levels due to dilution from incoming tides, or to the exceedance of a threshold for sanitary contamination of fi sh skin.
In both the wild and caged fi sh analyzed in this study, the coliform counts were higher on fi sh from sites with higher water coliform concentrations, and this trend was observed for two species of fi sh. In general, these results indicate that fi sh exposed to untreated sewage in a fi eld setting have sewage derived bacteria on their skin, and the level of exposure was indicated by the quantity of these microorganisms. The presence of faecal coliforms is not unique to one fi sh species or to one type of aquatic environment, and has been found on smelt and mummichog in this study and on tilapia species exposed to untreated sewage in the laboratory (Fattal et al. 1992; El-Shenawy and El-Samura 1994; El-Shafai et al. 2004) .
In addition to coliform abundance in the water, it is possible that the presence of faecal coliform on fi sh skin may also be affected by water quality (e.g., pH, salinity, dissolved O 2 ), species-specifi c differences such as the quantity of mucus or type of scales, and health of the fi sh. Water quality measures indicated similar pH (except Hazen Creek) across sites, but some variability in salinity (Table 1) . However, a systematic examination of the infl uence of water quality on the microbial communities associated with the fi shes was not possible given the different timing of water quality and fi sh sampling; nonetheless, it would be challenging in environments like this one where there are signifi cant tidal infl uences. We did notice higher coliform counts on fi sh that were visibly unhealthy when compared with healthy individuals from the same site, but, because this was only seen at the site with the highest water concentrations of coliforms, it was not possible to make any general inferences about the relationship between fi sh health and the presence of coliform on their skin.
The use of the cages could have affected the presence of faecal coliforms on the mummichog; however, this was diffi cult to assess due to the large variation in water faecal coliform levels at the only site where mummichog were both collected and caged, Marsh Creek. When the results from the second caging experiment and the wild mummichog collected from Marsh Creek were compared, the healthier caged mummichog had faecal coliform counts within the same order of magnitude as the wild fi sh, indicating that the caging was not likely a confounding factor.
We found differences in coliform counts on replicate skin samples from the same smelt. These samples varied from 0 to 25 cfu/cm 2 and indicated that the bacteria were not uniformly distributed over the surface of this species. The 2-cm 2 sample represents approximately 2 to 5% of the total surface area of a smelt and a much smaller proportion of the entire surface when compared with the same sample from the smaller-bodied mummichog. Unfortunately, the samples were not differentiated by location on the fi sh and further analysis of which area on the fi sh had the greatest occurrence of faecal coliforms was not possible.
Faecal coliforms as a group are relatively benign, although individual members of this group may be pathogenic (e.g., Escherichia coli 0157). Therefore, assessing the risk to human health associated with the presence of faecal coliforms on fi sh is diffi cult. When the sanitary quality of water is tested, a specifi c density of faecal coliforms is used to indicate the probability that a site is highly contaminated with faecal waste and associated disease-causing pathogens are present. However, it is not known what density of faecal coliforms must be present on the fi sh to make similar judgements. When faecal coliforms were found in high densities on the surface of the fi sh, as was found on fi sh from the Marsh Creek site, it is probable that disease-causing pathogens were also present. However, when faecal coliforms were found in lower densities on fi sh skin, as on smelt caught from Long Wharf or on mummichog caged at Indian Town, the probability that disease-causing pathogens were also present is unknown. Further investigation into the relationships between densities of coliforms and the presence of enteric pathogens on fi sh skin is required to address this uncertainty.
There is currently very little known about the presence of faecal coliforms on fi sh in waterways receiving untreated sewage. This study is one of the few that has demonstrated the contamination of fi sh skin with sewage-derived bacteria and showed that the length and magnitude of exposure affect the presence of these organisms on fi sh skin. A risk to human health through the transmission of diseases during handling of these fi sh may exist and, based on the results of this study, this risk appears to be greatest in waters receiving the highest inputs of untreated municipal wastewaters as evidenced by water coliform counts. Further study of this area would be useful to assess how the microbial communities associated with fi sh refl ect the microbial communities within the environment and the implications of this for human health. 
